objective To determine the prevalence of schistosomiasis (SCH) and soil-transmitted helminths (STH) in the Democratic Republic of Congo, and to assess the capacity of the local health centres for diagnosis and treatment.
Introduction
Schistosomiasis (SCH) and soil-transmitted helminths (STH) are poverty-related diseases, and school-aged children are the group at highest risk. Schistosoma mansoni infection can have severe consequences such as nutritional deficiencies, anaemia, growth deterioration and impaired cognitive abilities [1] . Schistosoma haematobium is an important cause of severe urinary tract disease and a significant cause of poor reproductive health causing sexual dysfunction and infertility. The infection also leads to an increased risk of bladder cancer. In school-aged children, S. haematobium infection has consequences such as anaemia and impaired growth [1, 2] .
Soil-transmitted helminth (STH) infections are among the most common worldwide and affect the poorest and most deprived communities. The main species infecting humans are roundworm (Ascaris lumbricoides), whipworm (Trichuris trichiura) and hookworms (Necator americanus and Ancylostoma duodenale). STH infections impair the nutritional status and school-aged children are most vulnerable, as nutritional deficiencies hinder their physical and cognitive development [1] .
Control of both infections relies on preventive chemotherapy to reduce occurrence, severity and longterm consequences of morbidity. Other control measures include health education to reduce risk behaviours and improvement of environmental conditions. Recommendations and tools have been developed by WHO for preventive chemotherapy (PC) in human helminthiases and schistosomiasis. The 54th World Health Assembly published the Resolution WHA54.19 on SCH and STH to urge the Member States to implement and sustain successful control activities. The minimum target to be achieved by 2010 was set at the regular administration of chemotherapy to at least 75% and up to 100% of all school-aged children at risk of morbidity [3] . Unfortunately, this goal was not achieved, but progress was made in expanding preventive chemotherapy, and the new Resolution WHA65.21 endorses to intensify control measures for the elimination of SCH targeting schoolaged children (5-14 years) . A new timeline has subsequently been set to treat at least 75% of school-aged children with PC in all endemic countries by 2020 and reach elimination of SCH and STH as a public health problem. Overall, 92% of people requiring PC live in the African region. Although control efforts have been substantially intensified and progress has been made, the targeted coverage of ≥75% is far from being reached in this region. In 2015, 41.2% of the school-aged children at risk received preventive chemotherapy for SCH while for STH, a treatment coverage of 51.6% was reached [4] .
In the Democratic Republic of the Congo (DRC), schistosomiasis has been known to be endemic in several provinces. Three species are reported: S. mansoni and S. haematobium, which are the most prevalent, and S. intercalatum (Congo strain) [5] , which is relatively rare. The Global Atlas of Helminth Infections [6] maps SCH and STH prevalence from available survey data; however, the majority of these estimates are based on data that are more than 10 years old or unpublished. Many questions on SCH and STH epidemiology in the DRC remain unanswered. Rimoin and Hotez also stated that there is a particular dearth of schistosomiasis surveillance in the DRC urging for updated prevalence data [7] . This call has led to a summary of the available epidemiological data on SCH in the DRC [8] . In addition, recent surveys have been performed indicating that both SCH and STH are still endemic in DRC and high endemic foci have been described [7, [9] [10] [11] [12] [13] , but for many districts no data are available.
The country has adopted an NTD control programme in 2009 and started reporting data since 2014 in the online Preventive Chemotherapy and Transmission control (PCT) databank of the WHO [14] . In 2015, 16.48% and 24.3% of the school-aged children at risk for SCH and STH, respectively [14] , received preventive chemotherapy, indicating that the DRC needs further support for the mapping and monitoring of both diseases. To adequately plan mass drug administration campaigns, accurate estimates of the disease burden regarding prevalence and intensity of infection are crucial to consequently monitor the impact of this control intervention [15] .
We conducted a prevalence survey to provide baseline data on SCH and STH for two health districts in the Province of Kwilu, DRC. This province did not benefit from mass drug administration (MDA) campaigns so far, therefore, we also assessed the disease burden and the capacity of the local health centres for diagnosis and treatment of SCH. These elements could provide the basis to formulate alternative control strategies.
Methods

Ethics
This study received ethical clearance from Ethics Committee of the University Hospital of Antwerp, Belgium, and the Ethics Committee of the School of Public Health of Kinshasa, DRC. The Ministry of Health of the DRC was also informed and approved for the execution of the study. The Health District Managers and the Director of each selected school were informed about the objectives, procedures and potential risks and benefits of the study and approved for the study to be conducted. We obtained written informed consent from the parents or legal tutors of the children. When parents/tutors were unable to sign, we asked for a fingerprint as a token of consent. Local teachers and community workers ensured that the parents/tutors were informed about the objectives, procedures, potential risks and benefits and voluntary participation. A single dose of anthelminthic treatment (mebendazole, 500 mg) was provided free of charge to all the students of the participating primary schools, irrespective of their infection status. Students with Enterobius vermicularis infection received, also, a dose of mebendazole (500 mg) for each member of the household and an additional dose to be taken 15 days after the intake of the first dose. Children infected with S. mansoni infection received a single oral dose of praziquantel (40 mg/kg).
Study area and population
A cross-sectional school-based survey was held from 21st of April until the 5th of May 2016 according to the WHO guidelines [1] in two health districts (Mosango and Yasa Bonga) in the Province of Kwilu, DRC (Fig. 1) . The Province of Kwilu is located to the east of the capital Kinshasa. Apart from the capital Kikwit and the town of Bandundu, the province is essentially rural. The climate is tropical with two seasons, a rainy season from October until May and a dry season from June until September. Kwilu Province is divided into 19 health districts which are further divided into health areas. The study sites were the two health districts of Mosango and Yasa Bonga (Fig. 1) . Mosango has a surface of 3 350 km², has an estimated population of 111 128 inhabitants and is further subdivided into 16 health areas. Yasa Bonga has a surface of 2 810 km² with an estimated population of 180 439 and 20 health areas [16] . Each district has one General Reference Hospital (Hôpital G en eral de R ef erence), and each Health Area has at least one Health Centre.
According to standard WHO procedures [1] , the sample requires 250 students from five randomly selected primary schools per ecological zone. As both districts are ecologically similar, the administrative boundaries of the districts were considered as an ecological zone. Therefore, 250 students were chosen from each Health District for a total minimum sample size of 500 students. Each district has a Central Health Office that collects health statistical and sanitation data for each Health Area. Purposive sampling was performed in both districts, as we selected health areas that reported haematuria or suspect SCH cases in the past five years. Five primary schools were subsequently randomly selected within these health areas. We invited fifty students from the 3rd primary school class. If the number of 50 students could not be reached in one class, students from the 4th, 5th or 6th class were enrolled until the minimum sample of 50 students was reached per school.
Each enrolled student was kindly requested to provide one urine and one stool sample for parasitological examination. The student's height (in standing position) and weight were measured to calculate BMI and assess underand overweight related to age and sex according to Cole et al. [17, 18] . Three BMI categories were established: underweight, healthy weight and overweight. Finally, each student provided a finger prick blood sample to determine the haemoglobin (Hb) concentration using the portable Hemo Control Hemoglobin Analyser (EKF Diagnostics) according to the manufacturer's instructions. A child was considered anaemic if HB concentration was <11.5 g/dl for children 7-11 years of age or if Hb was <12.0 g/dl for children 12-13 years. We categorised anaemia as mild, moderate or severe if Hb concentrations were, respectively, 11.0-11.4 g/dl, 8.0-10.9 g/dl and lower than 8.0 g/dl for children 7-11 years and 11.0-11.9 g/dl, 8.0-10.9 g/dl and lower than 8.0 g/dl for children 12-13 years old [19] .
Laboratory procedures
Urine and stool samples were shipped to the laboratory of the General Reference Hospital of the District for parasitological examination. Urine samples were examined for macro-haematuria by the naked eye, and the Combina urine test strips (Combina 10M, Human diagnostics worldwide) were used to determine micro-haematuria. The urine filtration method was used for the detection of S. haematobium eggs [20, 21] . Briefly, 10 ml of vigorously shaken urine was gently pressed through a filter mesh (10 lm, Isopore Membrane Filter, Merck Millipore Belgium). The filter mesh was placed on a microscope slide and a drop of Lugol's iodine solution added before quantitative examination under the microscope for diagnosis and egg count by two experienced technicians.
For the diagnosis of intestinal schistosomiasis and STH, duplicate Kato-Katz thick smears were prepared from each stool sample, using 25 mg templates [22] . The smears were allowed to clear for at least 30 min and maximum 1 h for the first examination under the microscope for hookworm infection and egg count. Thereafter, the smears were examined 24 h later to determine S. mansoni and STH infection. The number of eggs was counted and recorded by experienced technicians. The intensity of S. mansoni infection was calculated and defined by eggs per gram of faeces (EPG) and classified according to WHO guidelines as light (1-99 EPG), moderate (100-399 EPG) and heavy infection (≥400 EPG). Additionally, eggs of STH were counted using the same slides and recorded for each species separately. The intensity of infection was calculated and classified as follows: for. A. lumbricoides light (1-4 999 EPG), moderate (5000-49 999 EPG) and heavy infection (≥50 000 EPG); for T. trichiura light (1-999 EPG), moderate (1000-9999 EPG) and heavy infection (≥ 10 000 EPG); and for ancylostomes light (1-1999 EPG), moderate (2000-3999 EPG) and heavy infection (≥4000 EPG) [1] . Finally, to calculate the prevalence of the combined STH infection as recommended by the WHO, the mathematical formula according to de Silva et al. was used (Fig. 2) [23] .
Health centres
A rapid assessment was performed on the capacity of the local existing health structure using a structured questionnaire. The health centre nearest to the visited schools was visited, and the nurse in charge was invited to participate in an interview. General information was collected about the facility (infrastructure, diagnosis and treatment options for SCH) and focused further on their knowledge on symptoms, diagnosis and treatment of schistosomiasis.
Statistical analysis
Statistical analysis was performed with STATA, version 14 (StataCorp. College Station, USA). One stage cluster survey analysis was performed using the school as primary sampling unit with the specific sampling weight for each school. Descriptive statistics are presented using frequencies, proportions and 95% confidence intervals (95% CI). The mean AE standard deviation (SD) was computed for normally distributed data; else the median and interquartile range (IQR) is presented. Logistic regression survey analysis was performed to explore the associations related to the morbidity outcomes anaemia and underweight. Odds ratio's (OR) and their 95% CI were calculated, and differences were considered statistically significant if P < 0.05.
Results
General characteristics of the study population
The ten visited schools are shown in Figure 1 . In the district of Mosango, the five schools were situated in the administrative health areas of Tumikia, Yenzi, Kipwanga and Muwanda Koso while in Yasa Bonga, the schools were situated in the health areas of Yasa, Fula and Kwaya.
In total, 558 children were enrolled, 25 students did not provide a stool sample, and seven students were excluded from the analysis because they were older than 14 years old. The final sample size was thus 526 students in the two health districts, 266 students in Mosango and 260 in Yasa Bonga.
The study population consisted of 264 females (50.2%) and 262 males (49.8%), the median age was 10 years old (IQR: 9-10) with a minimum of 7 and maximum of 13 years. The median weight and height were, respectively, 24 kg (IQR: 21-27 kg) and 123.5 cm (IQR: 118-130.5 cm). A large proportion of the children was anaemic (42.2%; 95% CI: 36.8-49.5) and the mean Hb concentration of the study population was 11.6 g/dl AE 0.15 (95% CI: 11.3-12.0). Anaemia was mostly of the moderate type (Table 1) . Only two children presented severe anaemia with one child having a history of a haematological disorder. The mean BMI of the study population was 15.7 kg/m² AE 0.19 (95% CI: 15.3-16.1) which is in the normal range for children between 7 and 11 years of age and the majority of the study population had a healthy weight (72.1%, 95% CI: 63.9-87.4). However, 27.0% (95% CI: 11.5-35.6) of the children was underweight which was more pronounced in boys (30.9%; 95% CI: 12.5-42.3) than girls (23.1%; 95% CI: 9.9-30.9%) ( Table 1) . Urine dipstick results revealed that micro-haematuria was present in 11 children, 10 children showed 5-10 erythrocytes/ll (1.9%; 95% CI: 1.2-8.8) and one child showed 50 erythrocytes/ll (0.9%, 95% CI: 0.3-2.6).
Prevalence and intensity of SCH and STH infection
Schistosoma mansoni infection was found in both districts using the Kato-Katz technique with an overall prevalence of 8.9% (95% CI: 3.5-13.2). In Mosango and Yasa Bonga, respectively, the prevalence was 11.7% (95% CI: 8.9-14.8) and 6.2% (95% CI: 1.1-11.4) ( Table 2 ). All infected children had a mild intensity level of infection with an overall median egg count of 10 EPG (IQR: 10-20; 95% CI: 9.3-10.7) (Table 3) . Finally, urinary filtration showed that all children were negative for S. haematobium infection.
The combined STH infection prevalence was 58.1% in both districts; in Mosango, the prevalence was higher (64.0%) than in Yasa Bonga (52.9%). The most prevalent STH was hookworm infection with 61.3% (95% CI: 27.6-77.7) in Mosango and 44.2% (95% CI: 21.0-61.6) in Yasa Bonga. The majority of the infected children had light infection intensity, although moderate and severe intensity levels of infection were also detected ( Table 3 ). The prevalence of T. trichiura infection was low in both districts (2.1%; 95% CI: 0.9-4.9) and A. lumbricoides infection was more prevalent in the district of Yasa Bonga (13.8%; 95% CI: 7.8-19.1) compared to Mosango (4.9%; 95% CI: 1.8-16.1). All children had light intensity level of infection for both infections (Table 2 and 3) .
Of the 298 STH infected children, 38 had a mixed STH infection (12.8%), and within the latter group, two children were infected with the three STH species. Coinfection of STH and SCH was also observed, and of the 47 children infected with S. mansoni, 36 (76.6%) were also bearing an STH infection simultaneously. Finally, the Kato-Katz smear also revealed the presence of Enterobius vermicularis in both districts; it was slightly more prevalent in Yasa Bonga (5.4%; 95% CI: 0.9-11.3) compared to Mosango (3.8%; 95% CI: 3.1-4.9).
Morbidity related to helminth infection
Regression analysis performed on the morbidity outcomes anaemia and underweight showed that none of the investigated variables could be significantly associated with either condition (Table 4) . A tendency towards an association with underweight was found for two variables. The OR for older children (≥12 years old) for being underweight was 2.11 (95% CI: 0.82-5.43; P = 0.11) compared to younger children (7-11 years old) and children infected with A. lumbricoides had an OR of 2.28 (95% CI: 00.89-5.85; P = 0.08) to be underweight. In multivariate analysis, males were significantly more at risk of having underweight with an OR of 1.63 (95% CI: 1.04-2.56; P = 0.03).
Local health centre evaluation
In total, seven nurses in charge of the nearest health centres accepted to answer the questionnaire. Four centres were located in Yasa Bonga, while three were located in Mosango. The health centres were staffed with nurses and community health workers. Only one private health centre had a medical doctor among the staff members. In 2015, the median number of curative visits per day was 1.5 (IQR: 0.7-5.7) with a minimum of 0.6 and a maximum of nine patients per day. All nurses spontaneously mentioned haematuria being the principal symptom for S. haematobium. All but one refers to the General Hospital for further diagnosis and treatment of S. haematobium. All nurses spontaneously mentioned bloody stool being one of the symptoms of S. mansoni infection. Other symptoms that were mentioned were diarrhoea (5/7), abdominal malaise (4/7) and anaemia (3/7). None of the centres performs the Kato-Katz technique, but two centres use the direct microscopy technique. All centres refer suspect patients to the General Hospital for further diagnosis and treatment. None of the health centres had praziquantel in stock; they refer the patients either to the pharmacy or the General Hospital for the procurement of this specific drug.
Discussion
This study provides baseline data on SCH and STH prevalence for the health districts of Mosango and Yasa Bonga in the Province of Kwilu. Using the Kato-Katz method, the prevalence of SCH was 6.2% in Yasa Bonga meaning a low-risk area needing preventive chemotherapy for all school-aged children twice during their primary school years, while the prevalence was 11.7% in Mosango, defining it as a moderate-risk area needing preventive chemotherapy once every 2 years [1] . As SCH distribution depends on the presence of water and intermediate hosts, our data are not representative for the entire province, emphasising the need of further mapping. However, hookworm infection was widespread in the surveyed children in both districts (52.9%), implicating the need of preventive chemotherapy twice a year. Climate and ecological factors are similar in the entire province; therefore, a cumulative prevalence of STH above 50% might be expected; however, the proportions between the three infections might differ.
Morbidity related to helminth infection
The most common signs of morbidity related to helminth infection are anaemia and nutritional impairment [1] . A high anaemia burden was also found in this study population (Table 1) , but it was not significantly associated with helminth infection. Further investigation is needed for causal and risk factors of anaemia.
Competition for micronutrients along with diarrhoea or loss of appetite is the effect of several STH species which eventually could lead to underweight and impaired growth. For children older than 5, age-corrected BMI categories showed that the majority of the examined children had a healthy weight (72.1%); however, 27% of the children had underweight which was more pronounced in boys (Tables 1 and 4 ). Children with A. lumbricoides infection had a higher risk of being underweight (OR = 2.28, 95% CI: 0.89-5.85); however, this was not significantly associated (P = 0.08). Older children were also more at risk for underweight; this could be explained by a long-term deficiency in micronutrients, either due to helminth infection or due to unvaried diet. An in-depth nutritional survey would be more suited to investigate underweight in this region.
Local health centres
Delivering health care in rural areas is challenging to date due to a lack of human resources. The visited health centres were managed by nurses to provide simple, basic health care and patients are referred to the General Hospital when they need more complicated care. The nurses have good knowledge on the main symptoms related to S. haematobium and S. mansoni infection, but the health centres lack the tools for proper diagnosis and treatment of SCH. Therefore, integration of SCH and STH control into the local health system at this time point requires training and provision of reagents and drugs. To reach the 2020 elimination targets, integration of control into the local health system might be time-consuming and the selection of sentinel centres with specifically trained personnel might be justified. On the other hand, these health centres have a large number of community workers who can be used for the delivery of health education. As they know the community very well, they are more likely to influence behaviour within their community. Finally, the supply and continued availability of praziquantel is an issue that needs to be addressed.
Conclusion and recommendations
Reaching the WHA54.19 and WHA65.21 resolutions are one of the high priorities of the WHO. Control efforts to reach these objectives are therefore being intensified. The DRC has adopted these guidelines and is making progress. Still, there are gaps in the prevalence data to which this study accounted for the districts of Mosango and Yasa Bonga. Both districts are highly endemic for STH and need PC with albendazole or mebendazole twice a year for all school-aged children. For SCH, transmission is low in Yasa Bonga and moderate in Mosango, needing preventive chemotherapy with praziquantel.
In the rural areas of the DRC, the infrastructure of the local health centres is insufficient, and given the urge to reach the 2020 target and the vast geographical surface of the DRC, creating strategic sentinel sites for mapping and monitoring of SCH and STH prevalence seems justified. Further initial mapping of both SCH and STH using accurate tools is urgently needed for the implementation of adequate control strategies. The national coverage of preventive chemotherapy should be increased rapidly to reach the elimination targets.
